Plasma-sprayed coated implants combines the strength of the metal substrate and the bioactivity of the coating. While many reports attribute accelerated skeletal fixation, a few reports described coating resorption and delamination. Most of these reports did not include characterization of the coating. The purpose of the study was to characterize in vitro properties of commercial and experimental coatings from HA source. Methods: Coatings on some commercial plasma-sprayed 'HA' coated dental and orthopedic implants as well as coupons coated by other methods but using HA source, were characterized using x-ray diffraction (XRD), infrared spectroscopy, scanning microscopy. Dissolution properties were determined in acid buffer by monitoring the concentration of calcium ions, [Ca], released with time using an ion-selective electrode. Results: (1) Coating composition and % crystallinity depended on coating deposition method (by electrodeposition: ACP, DCPD, OCP; by ion-sputtering, ACP), coating layers (outer vs. inner) or substrate geometry (coupon vs. cylinders); (2) HA/ACP ratios ranged from 28/72 to 70/30; (3) dissolution properties were related to the coating HA/ACP; (4) preferential dissolution of ACP and other calcium phosphate phases leading to changes in surface morphology. Conclusion: Stability of the coating depends on composition and % crystallinity (HA/ACP ratio) and may contribute to the stability of the implant. (HA-hydroxyapatite; ACP -amorphous calcium phosphate; DCPD -dicalcium phosphate dihydrate; OCP -octacalcium phosphate; TCP -tricalcium phosphate).
Persistence of contact guidance of multicellular layers of gingival fibroblasts on grooved titanium surfaces has been indicated by scanning electron microscopy This study confirms cell alignment of multicellular layers by statistical comparison of cell shape as measure unit for alignment with the aid of a flexible image processing system (FIPS) Formation of multicellular layers of human gingival fibroblasts on ca 8 urn grooved titanium surfaces was forced by three consecutive inoculations of the surfaces with a cell concentration of ca 5 X 10 5 cells ml" 1 of media Cells were thereafter cultivated for 48 h on the titanium surfaces and the cell layers were fixed in 2.5 % glutaraldehyde in 0 75 M phosphate buffer for lh Complete eel! layers were detached from the surfaces by vigorous pipetting of phosphate buffer onto the surfaces Cell layers were embedded in epoxy resin, cut into thin slices and examined using a light microscope and FIPS With the presumption that a perfectly rounded cell will result in a shape factor = 1, and a shape factor < 0 5 will represent an elongated and aligned cell, the cell shape of the multicellular layers were analyzed with the FIPS Results indicated a highly significant (p<0.05) elongation and alignment of cells up to the 5 lh cell layer that was formed on the grooved titanium surface Cell alignment on the grooved titanium surfaces confirmed the significant effect of substrate topography on cell reactions and suggest that surface topography should be used to determine implant design applications This study was supported by the South African Medical Research Council . Previous studies have shown the existance of an optimal range of average surface roughness (Sa«1.5 u^m) which yields enhanced removal torques and bone contact area at implant surfaces. However, average roughness alone is perhaps not sufficient to characterize surface topography in relation to bone fixation. Other parameters, such as the presence of a dominating surface pattern, average wavelength, and developed area ratio, are also believed to be important. In order to assess the role of these surface parameters, we need to develop controlled methods to modify the topography of implant surfaces. Such methods should allow production of i) ordered vs. random patterns, ii) specified distances between features, and iii) specified feature penetration or protrusion from a surface. We have investigated and developed methods to produce controlled micron-sized features on the surface of Ti threaded implants. Two of these methods, namely standard photolithography (PL) and laser ablation (LA), are presented.
Standard photolithography, using UV sensitive resists and HF acid etching, is successful, but has low reproducibility. Pit depth and diameter are related and determined by etch time. Sa values < 1.5 um (TopScan 3D) have been achieved with patterns of discrete 10-15um diameter pits. Pit formation during laser ablation (pulsed Nd:YAG) is controlled by laser as well as material parameters. Patterns are designed and machined in the surface with the aid of diffractive optical elements. Controlled placement of features on the implant is achieved with both methods by tuning depth of focus and varying position. PL patterned surfaces require rigorous cleaning and may contain higher C content than non-patterned surfaces (Auger electron spectroscopy), while LA pits contain less C and thicker oxide layers. Laser machining in different gas atmospheres can alter feature dimensions (e.g. Ar) as well as surface composition (e.g. N2,02).
This study was supported by the Swedish Biomaterials Consortium(NUTEK, NFR), the Swedish Foundation for Strategic Research, and Nobel Biocare AB. The authors thank Peter Kollberg, Negin Hagshenas, Bengt Nilsson, Rickard Larsson, Swedish Nanometer Laboratory for their contribution to this project.
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Chemical Modification of Metal Surfaces for Producing Bioactive Metallic Implant H K. ENDCT, Y. ABIKO, H. OHNO, and T. KAKU (School of Dentistry, Health Sciences University of Hokkaido, Ishikari-Tobetsu, Japan) Precoating metal surfaces with specific biological macromolecules is effective to produce biocompatible implants which combine good bulk mechanical properties with surface biological activity. In the present study, a chemical modification technique for the covalent immobilization of biofunctional molecules on metal surfaces was investigated. A polished NiTi alloy wa6 dipped in 1% aqueous solution of y -aminopropyltriethoxysilane(r-APS) for lmin to introduce amino groups onto the alloy surface. The silane-coated substrate was placed in 5% aqueous glutaraldehyde solution(pH 7.0) for 90 min. After rinsing with 0.1M borate-buffered saline(pH 8.5), human plasma fibronectin(pFN) was immobilized on the substrate through Sniffs base formation by dipping in the protein solution (lmg/ml, pH 8.5) . At different stages of the modification, the surface was characterized by X-ray photoelectron spectroscopy(XPS), and the amount of immobilized pFN was determined by a fluorometric method. The spreading behavior of human gingival fibroblasts was examined on the modified surface. The corrosion rate of the alloy after chemical modification was determined by the polarization resistance method. The XPS spectra suggested that 7-APS was bonded to the surface through metallosiloxane bonds(Ti-O-Si) formed via a condensation reaction between the silanol end of y -APS and the surface hydroxyl group. The pFN was immobilized at the surface density of 1 ju g/cm 2 , and fibroblast spreading was significantly promoted. With the chemical modification, the corrosion rate was reduced by 50% in the cell culture medium. The chemical modification employed in this study enables biological activity at the metal surface and improves corrosion resistance, suggesting that this surface modification technique would be useful in bioactiye metallic implants.
C
Chemical Modification of Titanium Surfaces for Covalent Attachment of Biological Molecules. U A. NANCI 1 *, J.D. WUEST 2 , L. PERU 1 , P. BRUNEP, V. SHARMA 2 , S. ZALZAL 1 and M.D. McKEE 1 ('Fac. of Dentistry and 2 Dept. of Chemistry, Universite de Montreal, QC, CANADA). The surface of implantable biomaterials plays a critical role in determining biocompatibility. However, the relationships between the surface of an implant, its reactivity with tissue constituents, and its long-term integrity and clinical efficacy are still unclear. In order to improve the integration of implants, it is desirable to control interfacial reactions such that non-specific adsorption of proteins is minimized and tissue healing phenomena can be controlled. Our goal has been to develop a method to covalently immobilize bioactive organic molecules onto the surface of oxidized titanium implants. In present study, we describe a method to functionalize titanium surfaces by the linkage of molecules with known biological properties. Titanium was first chemically oxidized with a mixture of sulfuric acid and hydrogen peroxide to eliminate surface contaminants and to produce a consistent and reproducible titanium oxide surface layer. An intermediary aminoalkylsilane spacer molecule was then covalently linked to the oxide layer, followed by the covalent binding of either alkaline phosphatase or albumin to the free terminal NH2 groups using glutaraldehyde as a coupling agent. Surface analyses of coating procedures consisted of X-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM) and atomic force microscopy (AFM). Enzymatic activity of coupled alkaline phosphatase was assayed colorimetrically and surface coverage by bound albumin was evaluated by SEM visualization of colloidal gold immunolabeling. Our results indicate that the linkage of the aminoalkylsilane to the oxidized surface is stable, and that bound proteins such alkaline phosphatase and albumin retain their enzymatic activity and antigenicity, respectively. The density of immunolabeling for albumin suggests that the binding and surface coverage obtained appear to be well in excess of what would be required for inducing biological activity. In conclusion, this method offers the possibility to covalentlv link selected molecules with known biological activity to oxidized titanium surfaces in order to guide and promote the tissue healing that occurs during implant integration in bone and soft tissues. Supported by Theratechnologies Inc. and the Medical Research Council of Canada.
Influence of Surface Modification on Adherence of Oral Bacteria to Titanium° Implants. M.YOSHINARI*, T.IGARASHI, Y.ODA, T.KATO, A.HIRAYAMA (Tokyo Dental College, Chiba, Japan). It may be useful to inhibit adherence of oral bacteria on titanium implants exposed to the oral cavity by modification with thin films. The present study was designed to evaluate the influence of surface modifications on the adsorption of oral bacteria to titanium surfaces. Commercially pure titanium plates (10mm x 10mm x lmm) were used as the substrate material for modification. Polished titanium surfaces were modified with ion implantation (Ca + , N + , P), anode oxidation, titania spraying, ion-plating (TiN, alumina), and ion beam mixing (Ag, Sn, Zn, Pt) with Ar*. Polished and modified specimens were treated with submandibular gland for one hour and then were washed three times with buffered KC1. P. gingivalis ATC33277 (P.g.) labeled with [ 3 H]-thymidine and A. actinomycetemcomitance ATCC43718 (A.a.) labeled with [ 3 H]-uridine were incubated with saliva coated specimens for one hour at 37°C. After washing three times with buffered KCI, the number of bacterial cells which had attached to specimen surfaces was determined by direct scintillation counting. Approximately 2xlO 5 and 5xlO s cells of P.g. and A.a. adsorbed to polished titanium surfaces of 10 mm 2 , respectively. P.g adsorption on alumina-coated and Ag-ion beam mixing specimens, and A.a. adsorption on TiN-coated and Zn-ion beam mixing specimens were decreased remarkably compared to those of polished titanium (p<0.01, Student's T-test), respectively. This u3.t3. mdic&tfis tnst titsmum surxflcc Tnodiiicfltion is uscrxil to inhibit sdncrcncc or orsl bsctcris on 1 implants. This study was designed to evaluate the solubility of coatings of calcium phosphate-coated implants produced by a plasma-spraying or a frame-spraying method in the solution with a pH of 6.0, which is usually observed in a periodontal pocket. Commercially-available SUMICIKON® (SHINWA, Japan), Integral® (CALCITEC, USA), AQB* (ADVANCE, Japan), and FINATITE® (KYOCERA, Japan) implants were immersed in a 0.9 % NaCl solution of 20mL buffered to a pH of 6.0 with acetic acid and tris hydroxymethyl aminomethan for 30 weeks at 37°C. The solution was changed every two weeks. Ca 2+ ions were measured every two weeks using an ion electrode (TOA, Japan). Change in surface morphology and coating compounds were analyzed using an optical microscope, a scanning electron microscope, and a X-ray diffractometer with an analytical depth of approximately 20 pirn. Coating thickness was reduced by between 31-55% due to the releasing of Ca 2+ ions for 30 weeks. Total amounts of released Ca 2+ were varied according to film thickness. The surface textures of coated implants were roughened, and the films were partially peeled off by immersing in the solution. Solubility behavior was considered due to the dissolution of comparatively soluble components such as tetracalcium phosphate, <x -tricalcium phosphate, calcium oxide, and amorphous phase in the coatings. This data indicates that the coatings of implants produced by a plasma-spraying or a frame-spraying method may undergo dissolution if the coating layers are exposed to the oral cavity. Aim: to assess the peri-implant bone modifications occurring as a consequence of the application of different orthodontic forces for different lengths of time. Materials and method: 71 titanium screw implants were positioned on the calvarium of 30 rabbits. 11 implants were used as controls. Animals were divided in 5 groups, according to type and duration of the application of the 150 gms. distalizing force between abutments. A continuous force was applied 2.5 months after the surgical procedure in a group of animals for 21 days (group A), 60 (group B) and 120 (Group C). Immediate continuous force was applied in group D and immediate alternate force in group E, for 60 days in both groups. Phases of bone modification were marked with terramicine and alizarine. 10 days after the last injection the animals were sacrificed and block-sections carried out. Results and conclusions: good clinical stability was obtained. The distance between the implants remained unchanged. In group A optical microscope examination showed some areas of incomplete mineralization with mesenchimal tissue to be later substituted by mature bone tissue. In groups B and C, on the compression side the bone is compact, osteonic, in direct contact with the implant. Lamellae are parallel to the implant. In the tension side more medullar spaces appear, and the area is similar to the bone observed in the control samples. Spectroscopic analysis showed that mineralization in groups B and C was quite similar to normal bone, and only slightly higher in group C compared to B. It could therefore be suggested that orthodontic forces might induce a maturation of the bone similar to that observed I year after prosthetic rehabilitation on osteointegrated implants. Preliminary results of the hystomorphometric analysis after the application of immediate continuous forces (group D) has shown a higher contact between bone and implant on the tension side compared to the compression side (61-55%, 50% in the control). This would seem to support the hypothesis that early adequate loading might facilitate bone maturation, thus possibly even improving and accelerating early osteointegration.
Q Surface Roughness and Microtopography Modulate Osteoblast Response to cpTitanium. CH LOHMANN*, BD BOY AN, Y LIU, DD DEAN, VL SYLVIA, and Z SCHWARTZ. (U Texas HSC, San Antonio, TX; Hebrew U, Jerusalem). Integration of an implant into the surrounding bone is greatly affected by two surface characteristics: surface roughness and composition. This study examined the effect of surface preparation on osteoblast differentiation and local factor production. Disks of cp titanium were cut to fit into the well of a 24-well culture plate. Smooth surfaces were either machined and fine polished (M-S; R,: 0.22 u.m) or acid-etched (A-S; Ra: 0.60 urn). Rough surfaces were prepared by wet sanding (M-R; R,: 4.24 u.m) or by grit blasting (A-R; R,: 3.68u,m). Profilometry and scanning electron microscopy were used to characterize the surface of the disks. MG-63 osteoblast-like cells were cultured on the surfaces until they reached confluence on plastic. Cell proliferation was assessed by measuring cell number and [ 3 H]-thymidine incorporation. Cell differentiation was assessed by measuring cellular and cell layer (cells + matrix vesicles) alkaline phosphatase specific activity (ALP) and osteocalcin production. Total TGF-|31 (TGF-p) production was measured by ELISA and PGE2 and osteocalcin were measured by RIA. Cell number was reduced in cultures grown on M-R and A-R, whereas [ 3 H]thymidine incorporation by cultures on all disks was significantly decreased compared to plastic. Cells on M-S and M-R surfaces had significantly increased cellular ALP, whereas enzyme levels on A-S and A-R surfaces were reduced. Cell layer ALP on all disks was increased; cultures on both M-R and A-R had higher ALP levels than cultures on M-S and A-S and cultures on M-R displayed a higher fold increase than those on A-R. Osteocalcin was increased only on M-R and A-R surfaces. PGE2 production was increased on M-R and A-R compared to plastic and smooth surfaces. Similar results were found for TGF-p production. This study shows that increasing surface roughness is positively correlated with osteoblastic differentiation: microtopography also plays a role, as indicated by the tgraphy also pla ell layer ALP. different effects of M-R and A-R on cellular and cell layer ALP. Local factor production was enhanced on both rough disk surfaces suggesting that surface roughness may regulate events at distal sites during osseointegration.
Supported by the Center for the Enhancement of the Biology/Biomaterials Interface at UTHSCSA and B. Braun Foundation, Germany.
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Soft Tissue Histometry of Immediately Loaded Dental Implants in Beagle Dogs. P. The purpose of this study was to investigate histometric characteristics of peri-implant soft tissues around immediately loaded implants with various coatings. Four different coatings in groups of 10 each were studied: a) hydroxyapatite (HA), non-absorbable, 50um thick, b) HA absorbable 5um and c) HA resorbable 1um served as tests, titanium-plasma-sprayed implants as controls. All mandibular premolars and the first molars in four beagle dogs were extracted. After after a 3-month healing period a total of 40 ITI solid screw implants were randomly inserted. Individual complete cast gold crowns were fabricated for each implant and inserted within two days from surgical implantation to restore masticatory function. After a period of six months the animals were sacrificed and specimens were prepared for histologic examination and histometric analysis. The parameters measured were DIM = distance between top of implant and gingival margin, ED = extent of epithelial cell downgrowth, AL = attachment level, CTC = length of direct connective tissue contact, and DIB = distance between top of implant and the most coronal bone -implant contact. The histological examination confirmed the clinical observation that softtissue integration had been successfully achieved for all implants but one which had a low primary stability at insertion. The histomorphometric analysis and the statistical analysis of data did not reveal any statistically significant differences for DIM, ED and DIB among the implants with different coatings. Significant differences were found for CTC and AL of HA 50um implants when compared to other groups. This study indicates that peri-implant soft tissue morphology appears to be similar for immediately loaded implants as described for implants with completed tissue healing prior to loading. Surface characteristics mav influ' e the soft tissue morphology. This study was supported by the ITI Foundation, Waldenburg, Switzerland.
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Effect Dental implant grade C.P. titanium (Ti) disks were used as substrates to test the effect of surface roughness on the capacity of Staphylococcus epidermidis RP62A to adhere and form biofilm. Metal surfaces were machined (M) or grit-blasted (GB) to yield average surface roughness (Ra) values from 0.3 pm to 9 pm, as measured by profilometry. Topography was evaluated with SEM. Surface chemistry was analyzed by Auger electron spectroscopy. Disks were tested in a chemostat-modified Robbins device model in which they were seeded with bacteria for 24 h (adherence phase) and then exposed to a continuous flow of medium only for an additional four days (biofilm phase). Multiple samples were processed for quantification of disk-associated cocci and the mean number of colony forming units (CFUs) determined. Results indicated that adherence was significantly lower to machined surfaces with an Ra=0.3jjm than to GB surfaces with an Ra=4pm (P=.O2). When values were corrected for surface area, adherence was significantly decreased on M surfaces (Ra=0.3 pm and 5 pm) compared to GB surfaces (Ra =4ym). By day 4 (biofilm phase) the mean CFUs had increased by 12-to 37-fold; however, the differences between mean CFUs on M surfaces (Ra = .3 um and 5 Mm) and GB surfaces (Ra=4ym and 9pm) were noj significant. SEM showed a unique pattern of biofilm formation on M smooth surfaces; microcolonies appeared as donut-shaped islands embedded in matrix material. Matrix was visualized as globules accumulating on the surface of the cocci bv Atomic Force Microscopy. The interaction of osteoblasts with implant material surfaces can often determine the clinical success of implants in bone. Although rat catvarial osteoblast interactions with titanium (CpTi) implant materials have been extensively studied, less is known regarding their interaction with polymethylmethacrylate (PMMA). PMMA is a polymer, long used as a bone cement and is also well-suited for production of composite materials. This study examined the attachment, proliferation, and morphology of primary rat calvarial osteoblasts plated on PMMA, an experimental polymethylmethacrilate-hydroxyapatite composite (PMMA/HA) and CpTi. Osteoblasts were obtained from fetal (day 21) rat calvanae by collagenase digestion. Cells were plated in 24-wel! plates on discs of PMMA, PMMA/HA, CpTi and tissue culture polystyrene (control). Attachment was assessed after a 4 hr incubation followed by washing. The number of adherent cells was then determined using Alamar Blue dye fluorimetry. Osteoblast attachment to PMMA/HA was similar to PMMA although less than to CpTi. Proliferation was examined by culturing osteoblasts on the various surfaces followed by fluorimetry of dye-containing media on days 2, 3 and 4. Osteoblast proliferation was found to be significantly higher on PMMA/HA than on PMMA or CpTi at all time points. Primary rat osteoblasts, will form a multilayered cell culture and produce an extensive, wellorganized extracellular matrix (ECM) within 3 days of plating. Morphology and ECM production were examined by scanning electron microscopy, and showed a robust production of ECM and extensive multiiayering of cells on al three materials. These results indicate that interaction between osteoblasts and PMMA/HA induces enhanced proliferation compared to traditional titanium-based implant materials. In addition, cell morphology and ECM production of cells interacting with PMMA/HA are similar to commonly used implant materials. Therefore, these results suggest that PMMA/HA may function well, clinically, as an osteo-compatible implant material. (OSU and NIDR DE11306) Little is known about the concentrations of titanium in the bone and tissues surrounding dental implants because they usually are not removed. Plates and screws used for osteosynthesis made of titanium represent a model for dental implants with the advantage that they are removed after some month. The aim of our study was to detect the concentration of titanium in the tissues and bones surrounding the plates and screws. Therefore samples in contact with these plates were collected at their removal from the mandible and midface bones. After wet ashing of the tissues and bones titanium was measured by flameless atomic absorption spectrometry. The titanium concentration in the wet tissue was between 4 and 240 ug/g. These findings are reassuring an accumulation of titanium ions after the insertion of implants. Due to the unknown fate of the titanium ions in the organism a long-term follow-up of the serum and urine levels of titanium ions is desirable.
14 Implant Integration after Sinus Augmentation with rhOP-1/Natural Bone Mineral H. TERHEYDEN 1 , S. JEPSEN* 1 , B. MOLLER 1 , M. TUCKER 2 , and D. RUEGER2 (University of Kiel, Germany 1 and Creative Biomolecules, Hopkinton, USA?) Osteoconductive bone substitutes have been used for maxillary sinus floor augmentation, however, there is limited information on their use as delivery system for osteoinductive proteins. The purpose of this study was to evaluate the effect of recombinant human osteogenic protein-1 (rhOP-1= rhBMP-7) on implant integration following sinus augmentation with a natural bone mineral. In four Gdttingen miniature pigs the maxillary sinus floors were augmented with 3 ml of BioOss® (Geistlich) loaded with either 1) 420pg rhOP-1 in buffer solution (test side) or with 2) buffer solution (control side). At the time of augmentation a 12 mm long screw titanium implant (ITI®, Strauman) was inserted that protruded 6mm into the augmented maxillary sinus. Sequential labeling with fluorochromes was performed. After a healing period of 6 months the animals were sacrificed. The histological evaluation of non decalcified sections included microradiography, fluorescence microscopy and histometric analysis. On both sides substantial amounts of newly formed bone could be observed. However, on the rhOP-1 sides the mean proportion of new bone to implant contact was 85% (range 75 -95%) versus 22% (range 0 -59%) on the control sides (diff. significant, p< 0.05). New bone on the implants formed between weeks 2 and 5 on the test sides. The advantage of using a bone morohoqenetic protein in maxillary sinus floor augmentation was a more rapid and enhanced integration To mimic normal osseointegration, an in vitro bone cell/titanium (Ti) implant model system ideally should include the migration of bone cells onto the Ti surface and the synthesis and full mineralization of the resulting bone matrix. In most in vitro models, bone cell precursors are densely seeded directly onto titanium. Frequently, cell migration is minimal and synthesized matrix does not fully mineralize, resulting in poor osseointegration. Using confluent, multilayered firstpassage fetal bovine bone cell cultures, we stimulated bone formation for 3 days, then centered a 1 x 5-mm wafer of Ti stock atop the surface of each culture. Cultures serially harvested 7 to 14 days later were fixed with 2% glutaraldehyde in 0.1 M cacodylate buffer. After postfixation in 1% osmic acid, (1) intact specimens were dehydrated by graded ethanol series and coated with gold palladium for scanning electron microscopy or (2) after micro-dissection of the Ti disks from the fixed cultures, undemineralized specimens were embedded in Spurr, cured, crosssectioned, and stained with alizarin red/toluidine blue or von Kossa/paragon. Microscopy revealed progressive cell coverage, matrix synthesis, and mineralization. Ultimately, many of the implants were engulfed in mineralized bone matrix, placement of Ti wafers on actively forming bone in vitro enhances the study of osseointegration.
In vivo Evaluation of Synthetic Calcium Phosphates 16
A Hydroxyapatite (HA) and tricalcium phosphate (B-TCP) are two calcium phosphate materials presently used as bone-grafts. The purpose of this study was to evaluate the biocompatibility in rabbit of 5 calcium phosphates (Carbonatehydroxyapatite, CHA; F-containing apatite, FA; Cadeficient apatite, CdA; and Mg-containing tricalcium phosphate, B-TCMP). Method: The materials were prepared and characterized using x-ray diffraction and infrared spectroscopy. The materials in particle form were sterilized with ethylene oxide and implanted in surgically created pockets in dorsal muscles and in femoral diaphyses. After 30 and 60 days, the implants were retrieved, fixed in 4% formaldehyde, dehydrated in a series of ascending alcohol concentration, embedded in PMMA and sections obtained with a diamond saw. The sections were radiographed and observed under optical and scanning electron microscopy and energy dispersive system.Results: All materials showed biocompatibility and good interface with the soft and hard tissues. The materials differed in the degree of biodegradation, with FA showing the least and the CdA the most. Conclusion: Calcium phosphates (substituted apatites and tricalcium phosphates) of varying degrees of degradation can be used as bone-graft materials for different applications. 
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Some bovine bone-derived materials are used for bone repair. The purpose of this study was to evaluate the effect of such materials on the proliferation of human osteoblasts using an in vitro model. Methods: Particles of bovine cortical bone were treated to remove the organic phase then prepared as follows: unsintered (A); sintered at 950 (B) and F-treated then sintered 950 (C). The materials were characterized using x-ray diffraction and infrared spectroscopy. The samples were washed for 4 d and irradiated for 24 h using UV. Human osteoblast-like (MG63) cells which exhibit the phenotype of normal osteoblasts were used as the cell model. . Surface topography plays an essential role in the adhesion of osteoblast-like (OB) cells to dental implants. The purpose of this study was to investigate die behaviour of three transformed OB lines cultured on rough and smooth titanium (Ti) in vitro. Commercially pure 15mm Ti discs were ultrasonically cleaned and acid passivated. A systematic evaluation of surface roughness was carried out using a laser scanner, Pro Scan 1000 (Scantron, Somerset, UK). 6 parameters were chosen to characterise the surfaces; these include height descriptive parameters (Ra, Rz and Ry), space descriptive parameters (S and Sm) and the resultant surface area enlargement. Discs wet-ground to 1200 grit with silicon carbide papers were designated smooth (Ra = 0.85 ± 0.04um, area = 2.27 ± 0.01mm 2 ) whilst others (as received) were designated rough (Ra = 2.14 ± 0.02um, area -2.40 ± 0.01mm 2 ). MG63, HOS and U2-OS cells were seeded onto Ti discs at 7.5x10" cells/cm 2 in serum-free medium. After 2h and 24h at 37°C in 5% CO2, the number of viable attached cells was quantified using an MTS assay. Attached cells were fixed for scanning electron microscopy (SEM). The results showed that the binding of OB cells to the metal was not serum dependent. At 2h and 24h, 60% -90% of cells plated had attached, but there was no significant difference (p>0.05) in the number of cells adherent to either die rough or smooth Ti surfaces. Furthermore, when comparing the three cell lines, no significant difference in cell attachment was detected. SEM showed that at 2h the cells had begun to spread and had extended processes that contacted the substrates at discrete points. Some cells were in clusters and individual cells which had become elongated did not show any inclination to be aligned to the grooves on the smooth Ti caused by the mechanical grinding of the surfaces. By 24h, all cells were completely spread and flattened. It is concluded that the surface roughness of titanium used in this study had no effect on cell attachment and proliferation, and supported each equally. Our aim was to examine the extracellular matrix (ECM) of gingiva and tissues surrounding implants and teeth. In addition the influence of restoration, hygiene, attached gingiva and time of incorporation on histological parameters was investigated. In 57 patients, biopsies of marginal tissues around crowned implants as well as around crowned (n=38) and natural (n= 19) teeth at comparable topographical sites were taken. Collageneous (types I, III, V and VI) and non-collageneous (fibronectine) components of the ECM were marked by polyclonal antibodies. Results: Collagen III and VI proved to be the main components of soft tissue. In periimplant -as well as in periodontal soft tissues -collagen V and VI and also fibronectine were preferrably present in the epithelial basement membrane and in blood vessels. Frequencies of fibronectine and collagen VI were highest in periimplant tissues (64%/82%), less in periodontal tissues of crowned teeth (47%/78%) and least for natural teeth (38%/63%). Insufficient oral hygiene was associated with a 70% frequency of fibronectine in periimplant tissues in contrast to cases with good hygiene that showed 55%. In the presence of an attached gingiva, fibronectine was reduced from 77% to 32% in basement membranes. Collagen V however increased from 53% to 63%. With proceeding time in situ of the implants, fibronectine increased in frequency by 12% and collagen V by 23% in the interstitium. The extracellular compartment of periodontal marginal tissues is hardly different from that of and periimplant tissues in structure and in distribution of collagenes. Increasing time of implants in situ, noninflammed tissues and the presence of an attached gingiva are all associated with an enhancement of the microfibrillar necklace. The scarf tissue becomes more resistant to collagenasis. but also less stable to trypsin.
2 "| Inhibition of oral microbial colonization on titanium L RIMONDINI*. S.FARE', M.C. MALTARELLO, S. SQUERZONI, A. CARRASSI (University & Politecnico of Milan, 1st. Ortopedico Rizzoli & CNR Bologna -Italy) Plaque colonization on modified titanium surfaces I is described in an in-vivo human model after 24hr. The sample consisted of titanium grade I disks whose surfaces were treated as follows: erosion, highpolishing, Cr, O, C, N, ions implantations, anodization, cold plasma spraying treatments, biocide polymer graftings. The surfaces were characterized in respect to micromorphology, roughness, dynamic contact angle and surfaces chemical compounds. Stents supporting titanium disks differently treated , were applied to mandibular posterior region of volunteers who suspended hygiene procedures for 24hr. After 24hr, the disks were removed and observed with a scanning electron microscope. A global area of 100 x 125 um, composed of the sum of fields randomly selected, was observed for each specimen. For each field the density of bacteria and the morphotypes were recorded. The data quoted for the global area are cumulative of those observed in the fields. The statistical analyses were performed using Kruskal-Wallis ANOVA exact test. The specimens with N implantation, high-polishing, anodized with flat surface and biocide polymers grafting accumulate less bacteria than die others. No differences were observed in cocci presence. In contrast, the roughest groups accumulated more long rods than the smooth ones. The groups with low contact angle recovered less bacteria. The polymers grafting groups accumulated very few bacteria typically in correspondence to the polymer layer gaps. We conclude that surface treatments which include roughness, morphology surface-free energy and surface compounds modifications are able to reduce the amount of early microbial colonization. The study was partially supported by CNR and Apoltonia FAMA Implant-Friatec Group.
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Adsorption Of Lactoperoxidase On Titanium Surfaces. M.AHARIZ*. J.MOUHYI, P.LOUETTE, J.VAN RECK and P.COURTOIS.
(Hdpital Univ. Saint-Pierre, Stomatology Dept., Brussels, Belgium).
Various proteins are known to bind titanium oxide surfaces such as albumin, amylase, collagenase, fibrinogen, glycoaminogh/can; the adsorption of the last one is calcium dependent. There are no data available concerning peroxidases. The present study aims to demonstrate the adsorption of lactoperoxidase onto titanium surfaces. Titanium foils (365 ± 23 mm 2 ), pretreated or not in 100 mM CaCI2l were incubated during 30 min with lactoperoxidase (4 mg in 5 ml of phosphate buffer 100 mM pH 7). After washing by H2O, titanium foils were incubated with o-phenylenediamine (6 mg /ml) and H2O2 (7 mM) during 30 min. The reaction was then stopped by addition of HCI1N and the A O.D. of the liquid phase was read on a spectrophotometer at 492 nm. Adsorbed lactoperoxidase onto titanium surfaces without and with calcium pretreatment was 0.83 ±0.10 and 1.37 ± 0.22 ng/mm 2 respectively (N = 6). The difference was significant (Mann-Whitney test, p = 0.004). X-ray Photoelectron Spectroscopy confirmed the incorporation of nitrogen onto titanium surfaces: the nitrogen atomic percentage increased from 2 to 12 % when titanium foils were incubated in the lactoperoxidase solution during 30 min. In conclusion, lactoperoxidase adsorbed in vitro onto titanium surfaces and calcium increased (165 %) this adsorption. Dental implants placed in poor quality (type IV) bone have a lower success rate than in denser bone. Various methodologies have been suggested to counter this, such as modification of the implant surface or growth factors. We examined the edentulous sheep mandible for its appropriateness as an animal model to test these. Our pilot studies ruled out the naturally edentulous ovine mandibular diastema (Duncan et al, Proc Univ Otago Med Sch 74: 36, 1996) . Therefore the 1st and 2nd right mandibular premolars were extracted from 8 sheep and the ridge allowed to heal for 3 months. Two Dentsply SwedeVent titanium implants (3.75xl5mm) per sheep were placed in the right mandibular quadrant in an unstable situation (without bicortical fixation) and allowed to integrate for 3 months. The left mandibular premolars were extracted and allowed to heal as controls. The animals were perfused and sacrificed and the tissue blocks fixed, plastic-embedded, sectioned, ground to approximately lOO^m and digitised for computer-assisted analysis. Clinically, 3 implants were lost = 81% implant retention after 3 months. . Our previous studies have indicated that the synthetic octacalcium phosphate (OCP) stimulates osteogenesis if implanted subperiosteally in murine bone. The present study was designed to investigate if the implanted OCP promotes bone repair of defects created experimentally in rat calvaria. The process of bone repair was examined radiomorphomertrically and histologically.
Standardized defects were created in male Wistar rat calvaria. The OCP granules were implanted into the defect. The untreated rats were processed in the same way except that nothing was implanted. Thirty-six rats were fixed as a group in 4,12, and 24 weeks for both experimental and control groups. The skulls were resected and the radiopacity within the defect was quantified two dimensionally on a computer. Thereafter the specimens were decalcified and examined histologically.
The percentage of the radiopacity in the skull defect of the experimental group was significantly higher than the untreated group. Histological examination showed that bone was formed around the OCP implants scattered in the defect as well as from the edge of the bone defect. Observation on serial sections showed some of bone formation around the implanted OCP occurred isolatedly. The defect of the control rat was filled with fibrous connective tissue and bone formation was observed from the edge of the bone defect.
The present study demonstrated that bone repair is enhanced by implantation of OCP in the skull defects. This study was supported in part by grants-in aid (09557160,09671844, 09672035) from the Ministry of Education, Science, Sports and Culture of Japan. Three groups of 10 cultures each were irradiated three times (day 3, 5, 7) with a pulsed diode soft laser with a wavelength of 690 nm for 60 seconds. Another three groups of 10 cultures each were used as control groups. A newly developed method employing fluorescent antibiotic tetracycline was used to compare bone growth on these culture substrates after a period of 8, 12 and 16 days. It was found that all lased cultures demonstrated significantly more fluorescent bone deposits than did the non-lased cultures. The difference was most significant (p<0,01) in the cultures examined at 12 days (range 13-15%). Hence it is conclu4cd that irmflatipn wifr a pi4se4 djode soft laser has a biostJTnulating effect on bone marrow cells in vitro and mights also help achieve better bone anchorage of dental implants.
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Morphologic characteristics and cell attachment on osteopromotive barrier materials. *" w Dung SZfLan WC, Yang SF. (School of Dentistry, Yang-Ming University, Taipei, Taiwan).
Guided bone regeneration has been successfully used to treat alveolar ridge defects. However, the biologic properties of various barrier materials have seldom been compared. The purpose of the study was to compare the attachment and morphologic characteristics of gingival fibroblasts and bone marrow stromal cells on various barrier membranes. Gingival fibroblasts were derived from human gingiva and grew in DMEM and 10% FBS. Bone marrow was flushed from rat femurs, the adherent bone marrow stromal cells were separated from the non-adherent cells, and were maintained in a-MEM containing 10% FBS and ascorbic acid (50 ug/ml). The confluent primary cultured cells (lxlO 5 cells/well) were passed to 24-well plates with various membranes fixed to the bottom of each well. The barrier membranes tested were GTAM, BioMend, Resolute, TefGen, and LamBone. The wells with no membranes served as controls. After cultured for 3 or 6 h, the non-adherent cells were washed out with phosphate buffer saline and the adhered cells were fixed with 2% paraformaldehyde, processed, and observed under scanning electron microscope. Results showed that different membranes exhibited different ultrastructures. TefGen and LamBone had smoother surfaces. Gingival fibroblasts and bone marrow stromal cells appeared to have similar adhesive ability on a particular membrane except that gingival fibroblasts had better adhesive ability on LamBone. The surfaces of Resolute and LamBone attached the least number of cells. The cells on TefGen and GTAM were flat and exhibited more processes. In general, cells after 6 h of incubation demonstrated more processes. Results from the study indicated that the adhesive ability and morphologic characteristics of cells on different barrier membranes were different and their significances on bone regeneration need further evaluation. Introduction: This study compares the surface treatment and early in vivo plaque colonization on Titanium. Despite the wide use of titanium dental implants, the understanding of the mechanisms of bacterial attachment to titanium surfaces and of the factors that affect such attachment is limited. In this study the attachment of periodontopathogens-including P. intermedia, Fusobacterium spp. and P. gingivalis to Ti-surfaces with different surface morphology (alloyed Ti, commercial pure Ti) was examined by microbiological monitoring for 72 h hygiene-free interval and by scanning electron microscopy (SEM). Material and methods: 4 specimens from each group were randomly selected for electron spectroscopy. The provided electron spectroscopies were based on a special He-source called MIES (Metastable Induced Electron Spectroscopy) and UPS (Ultraviolet Photoelectron Spectroscopy). Both methods give detailed insight into chemical nature of allTi and cpTi. Eight patients have been provided with especially designed titanium units (8 cpTi-and 6 allTi-units) to monitor the subgingival plaque formation. Samples were taken from the baseline, after 24 hours and 72 hours. Microbiological analyses of the enrichment cultures included microscopical observations and cultural counts. The SEM-study was provided by using a ZEISS DSM 540. The Ti-units were removed from the abutments after 72 hours undisturbed plaque accumulation. Results: All Ti-units presented a continuous or fragmental coating by colonizing species. The phases of early plaque development on the intrasulcular Ti-surfaces were different between the two Ti-samples. The plaque layer on the allTi was more dense. On the cpTi the bacterial aggregates were seen occasionally. However, P. gingivalis attached equally well to both the allTi-and cpTi-surfaces, based on direct cell quantitation with SEM. The quantitative analyses is shown using CFU. Discussion: The higher thickness of CH2-layers and the relatively high content of O2 in between of CH2-and TiO2-layers of allTi may explain the differences in plaque accumulation. Ti-surfaces with Ra <o.o86um and Ra <0,1.030um strongly inhibits accumulation. That smoothness can be achieved by using cpTi-surfaces.
«Q Regeneration of Microvasculature of Soft Tissue on Interface of Implants. Y. Kishi*, #K. Higashi, M. Matsuo and K. Takahashi (Dept. Oral Anatomy, #Oral Histology, kanagawa Dent. Coll., Japan) It is well known that a local anti-inflammatory mechanism or a defensive immune response exists in attached epithelium that is directly in contact with enamel. This response is due either to infiltration of the exudate or to the migration of polymorohonuclear leukocytes to the dento-gingival junction, both of which involve a characteristic capillary network which is distributed beneath the inner marginal epithelium. It is extremely important to prevent local infection at the interface between the implant and the periimplant oral mucosa after the implant has been placed. In this study, a bonefit type of implant was placed into the cannine mandibular bone and preparations of microvascular corrosion casts and histological sections were examined by SEM and TEM. Four weeks after implantation, a capillary network was reformed beneath the epithelial downgrouth which attached the implant and in connective tissue layer around the implant. A dense capillary network beneath the epithelial layer, the almost same distribution capillary network was extended as a natural teeth. Although in the layer of connective tissue, a rough capillaries ran transversely to around the implant. This study was supported by Grant-in-Aid for Scientific Res(05671523)Japan QQ Initial Biofilm Formation in Human Titanium Implant Sulcus. Y.NOIRI* 1 , ** Y.KAWAKAMI 1 , S.MIYAUCHI 2 , Y.ONO 2 , K.NAKAMURA 2 and S.EBISU 1 ( 2 Osaka Univ., Faculty of Dentistry and 2 Senri Perio-Implant Center, Osaka, JAPAN)
Materials for dental restorations have been reported to influence the initial biofilm(plaque) formation. This study investigated the initial attachment of bacterial biofilm to healing abutment surfaces in the implant sulcus using scanning electron microscopy. After obtaining informed consent from 6 patients, 20 healing abutments were obtained and used for this study. At 10 days, 1, 3 or 5 months after implantation of a titanium screw and insertion of the healing abutment, the healing abutments were removed carefully so as not to changing the structure of the bacterial biofilm. The specimens were fixed immediately, dehydrated, dried, coated with a thin layer of gold and investigated morphologically. After 10 days, biofilm-like microcolonies had partially formed on the abutment surfaces, and cocci and filamentous microorganisms were predominantly observed. Rods were not detected. At 1 month, bacterial biofilms were observed on part of the abutment surfaces. A small number of rods were detected at the level of the borderline between the fixture and the abutment of the implant. Near the margin of the periimplant mucosa, filaments and cocci were predominant. At 3 months, the accumulation of bacterial biofilms was thick, more than that found at 1 month, and so the thickness near the margin of periimplant mucosa was thick than that near the junction with the fixture. At the superficial layer of the thick biofilm, long and short rods, filaments and cocci were observed. At 5 months, all abutment surfaces were covered with bacterial biofilms. At the superficial layer, long and short rods were predominant, and a small number of cocci were observed. Spirochete was detected in some specimens. Oral Function and 2Dept. Oral Cell Biology, Amsterdam, The Netherlands). Modification of peri-implant tissues by growth factors may improve indication and success of implant use. Calcium phosphate as a material for implants or for coating of implants is known for it's good biological interaction with bone. Transforming Growth Factor-Bl (TGF-B1) is a important local regulator of bone metabolism and stimulates bone formation. Therefore, calcium phosphate implant combined with TGF-61 might improve osseointegration. The aim of the study was to examine whether the addition of recombinant human TGF-B1 (rhTGF-Bl) to calcium phosphate cement affects the differentiation of cells from long bones of adult rats. Two bone cell populations, precursor osteoblast-like cells and osteoblast-like cells, were grown as outgrowth from bone fragments of the diaphyses from adult rat long bones and cultured as monolayer. At subconfluency, cells were isolated and plated on a calcium phosphate cement containing concentrations of rhTGF-Bl ranging from 0 to 5x10* 5 % (w/w). Bone cell differentiation was determined biochemically after 10 days by measuring alkaline phosphatase (ALP) activity in the cellayer. In addition total protein content of the cultures was measured. Calcium phosphate cement with rhTGF-Bl did not change ALP activity in osteoblast-like cells but a significant increase was observed in precursor osteoblast-like cells after 10 days. Cement with a rhTGF-Bl concentration of 1.7x10" 5 % (w/w) increased the treatment over control (T/C) ratio of ALP activity by 3-fold (p<0.05), and a rhTGF-Bl concentration of 3.3x10"5 % (w/w) increased the T/C ratio of ALP activity even further, up to 5-fold. Total protein content was not affected by rhTGF-Bl, in neither of the cell populations. We conclude that the direct actions of calcium phosphate cement containing rhTGF-Bl. on precursor osteoblast-like cell differentiation provides a basis for further studies on the use of calcium phosphate cement with rhTGF-Bl as an implant material in vivo. The supracrestal peri-implant soft tissue may influence the long-term success of an implant through the response to pathologic insult. The aim of the present study was to investigate the Ankylos® implant soft tissues interface. 6 Labrador dogs were included in the study. During the preparatory period, 2 premolars were extracted in the right mandibular quadrant. After 3 months of healing, 2 Ankylos® implants were inserted per dog. Abutments were placed on the implants 3 months later and the dogs were sacrified 6 months after abutment placement. Radiographs were taken at the time of sacrifice using a Vivacare® probe place in the peri-implant sulcus to show the position of the probe's tip regarding to the implant design. All the implants were well osteointegrated. The histological analysis revealed that i) the apical termination of the junctional epithelium was located on the conical part of the abutment and ii) a connective tissue layer contacting the implant surface is interposed between the epithelium and the alveolar crest adjacent to the implant. No inflammatory cells were observed in that part of the connective tissue. Most of the collagen fibers are oriented parallel to the abutment surface without obvious attachment to the titanium surface. In conclusion, this study demonstrates that, using a dog model, Ankylos® implants have a similar peri-implant relationship with soft tissues as other types of submerged implants. Hydroxyapatite cement (HAC) has been established as a viable bone substitute material for small defects in the craniofacial complex (Constantino and Friedman, 1991; Lew et al, 1997) . The objective of this research was to investigate the potential of HAC (Bone Source, Howmedica-Leibinger, Inc) as an adjunct material to support bone growth adjacent to implants in extraction sockets. Methods. In this preliminary study, the first molars were bilaterally extracted in the mandibles of three mongrel canines. The extraction sockets (4 wall defects) were contoured for the placement of Branemark implants (10 mm length). HAC was mixed according to manufacturer directions and placed into the extraction sockets following implant placement, such that only the most coronal portion of the implant was visible. The implant sites were closed with sutures alone or in combination with cyanoacrylate cement. One dog was euthanized at 1, 2, and 3 months post-implantation and the implant sites were prepared for ground section microscopy and microradiography. Results: It was determined that HAC is biocompatible in the oral cavity, but prone to displacement in unprotected healing sites. Although no sites were exposed, there was loss of HAC in several sites which contributed to the variable levels of bone contact observed in this study (45-70% bone contact from 1-3 months). When bone was in contact with the implant, a dense trabecular bone pattern existed immediately adjacent to the implant. Conclusions: HAC has the potential to be an effective bone substitute material for use in the oral cavity. Substantial replacement of HAC by bone was observed in extraction sites with implants when the HAC remained immobile. However a more effective technique of protecting the HAC from displacem e period in which s needs to be developed. Support: Center for Oral and Maxillofacial Implants at the Univ. of Iowa and Howmedica-Leibinger, Inc, The compensation of implant prosthetic misfit -evaluation of the passive-fit-34 system U. Kokef H. Gilde (Prosthetic Clinic, University Heidelberg) J. Neugebauer (FRIATEC AG, Mannheim) Implant prosthetic reconstructions need a special examination on the interface between individual casted framework and the position of the implants. The individual cast of multiple unit framework show more or less inaccuracies. The examination of standardized four unit bridges made out of Titanium show gaps with a median of 40um. Bridges made out of cobalt-chromium alloy show gaps with a median of 60um. Due to the rigid fixation of the osseointegrated implants in the bone these gaps lead to tensions around the implant. The tolerances of impression making and master fabrication can be compensated by an intraoral fixation of the separated units and a fixation by laser welding. Still the inaccuracies of the welding process lead to gaps with a median of 19pm. Residual tensions of the superstructure can not be eliminated. The IMZ-Passive-Fit-System allows an intraoral fixation of prefabricated parts to minimize the gaps between superstructure and implants. A prefabricated sleeve is placed on top of the abutment to be glued in a prefabricated space of the framework of the bridge. Different tests were done to evaluate the clinical properties of this construction method. The tensile strength of the bonding between sleeve and framework was more than 100 N after long-term testing. 10.000 Cyclic temperature loadings between 6°C and 50°C were combined with 100.000 static mechanical loadings to simulate the clinical applied wear of such a superstructure. The multiple unit framework revealed marginal gaps of a mean value of 33um (titanium) respectively 30 urn (CoCrMo). These values could be reduced to 17um (titanium) respectively 14um (CoCrMo) by using the passive-fit system. Long term results show the necessity of the clinical use of passive fit systems. The material of this study was supported by FRIATEC AG, Mannheim.
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Controlled The purpose of our study was to determine whether the healing process in membrane protected bone defects could be accelerated by the controlled administratton of basic fibroblast growth factor (FGF-2) using a new drug delivery system. Mandibular premolars at both sides were extracted and bone defects (8 x 5 x 5-7 mm) were made in the edentulous area in nine beagle dogs. FGF-2 was administered using specially made collagen minipellets. The defects were randamly assigned to be treated in one of three ways. (1) FGF group: A collagen minipellet containing 0.15 jug FGF-2 was administered.
(2) Placebo group: A collagen minipellet without FGF-2 was administered.
(3) Control group: Nothing was administered in the bone defect. All defects were filled up with blood, covered with e-PTFE membranes and muco-periosteal flaps were then tightly sutured. Bone regeneration was evaluated 8 weeks after the operation by serial undecalcified sections. Histologically, in the FGF group regenerated trabecular bone with marrow was seen throughout the inner space of the membrane-protected defect. In contrast, the bone regeneration seen in the placebo or control group was only adjacent to the border of the defect. Morphometric analysis using contact micro-radiograms showed that the regenerated bone area ratio of FGF group (46.6 ± 7.8 %) was significantly higher than that of placebo (33.0 + 3.4 %) or control group (29.6 + 3.1 %) (p <0.01). These results suggest that controlled local administration of FGF-2 using collagen minipellets stimulates the process of bone regeneration in vivo. We conducted an animal study to clarify the effect of locally administered FGF-2 on osteogenic cytokine-induced new bone formation. Surgically, a subperiosteal pocket was made on the calvaria of 72 male Wistar rats (eight-week old). A dome-shaped Millipore* filter was filled with allogenic demineralized bone matrix. FGF-2 was administered into the dome as specially made collagen minipellets, a new drug delivery system. We tested two types of minipellets with different drug release profiles. The animals were divided into 8 groups according to the two release profiles (slow or fast) and the amount of FGF-2 (0,1,10 or 100 ng). After placing the dome into the subperiosteal pocket, new bone formation was evaluated histologically and histomorphometrically at 2, 4 and 8 weeks. With the slow administration, more extensive newly formed bone with marrow was observed in the dome in the 1 ng group at 4 weeks compared with the other groups. New bone formation seemed to be delayed in the 100 ng group. By histomorphometric analysis, new bone area in the 1 ng group (70 ± 14 %) was significantly higher than those in the 0 ng (placebo) (29 ± 18 %) and 100 ng groups (9 ± 12 %) (p<0.01). In contrast, there was no significant difference of new bone areas seen in terms of fast administration of FGF-2. These results indicate that a small amount of slowly administered FGF-2 promotes osteogenic cytokine-induced new bone formation and that the administration profile of FGF-2 might be a key for successful promotion of bone formation. Previous studies demonstrated the feasibility of using bioactive glass as a grafting material in treating periodontal osseous defects. To clarify the mechanisms by which bioactive glass promotes bone regeneration, we evaluated the effect of this bioceramic on the growth and metabolism of human osteoblasts. The MG63 cell line which exhibits the phenotype of normal human osteoblasts was used as the cell prototype. MG63 cells (lOVwell) were propagated on the surface of 45S bioactive glass discs (US Biomaterials, Alachua, Fla) inserted into 24 well pates for four days at 37°C, 5% CO2. In another set of experiments, MG63 cells were incubated with bioactive glass particles (1-10 urn size) for 24 hrs. The proliferative index was determined after a 24 hr. pulse with 3 H thymidine and enumerating autoradiographed labeled cells. Synthesis of osteocalcin was assayed by ELISA Results represent the mean +/-1SD from 12 bioactive glass discs and 12 control polystyrene wells. Human MG63 osteoblast-like cells multiplied on the surface of bioactive glass discs with proliferative indices ( . BMP-2 induces new bone formation when implanted in tissues like muscle but to be effective clinically, BMP-2 is used with an osteoconductive carrier. However, carrier-BMP-2 composites maj differ in bone induction ability and in their rate of resorption. We compared the bone induction ability and amount of residual carrier after implantation of active and inactive human demineralized freeze dried bone allograft (DFDBA, LifeNetJnc.) + recombinant human BMP-2 (GI) to that of a synthetic porous poly-D,L-lactide-co-glycolide 75:25 (PLG) scaffold (IMMIX™-Extenders, OBI) + BMP-2 intc the calf muscle of 56 Nu/Nu mice. Mice were divided into 7 groups: active DFDBA, inactive DFDBA+BMP-2 vehicle, inactive DFDBA+5ug BMP-2, inactive DFDBA+20ug BMP-2 PLG+vehicle, PLG+5ug BMP-2, and PLG+20ug BMP-2. Animals received 2 implants, each containing lOmg/gelatin capsule. Histologic sections of tissue harvested at 56 days were rated for bone induction using a semi-quantitative score. Active DFDBA induced bone whereas inactive DFDBA and IMMIX were not osteoinductive, nor were they resorbed. BMP-2 caused a 200-300% increase in bone induction compared to inactive DFDBA and a 20-30% increase over active DFDBA for both carriers Histomorphometry showed that BMP-2 increased new bone in a dose-dependent manner for both carriers, and there was a concomitant decrease in the area of residual matrix; DFDBA+BMP-2 resorption was similar to active DFDBA alone whereas PLG+BMP-2 was almost completely resorbed This suggests that inactive DFDBA is a suitable carrier for BMP-2 and that bone graft substitutes like IMMIX--Extenders are suitable alternatives. BMP-2 induces bone formation and enhances implant degradation. Supported by Center for the Enhancement of the Biology/Biomaterials Interface Genetics Institute, OsteoBiologics, Inc., and LifeNet.
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Primary Human Osteoblasts versus Human Osteosarcoma Cells in Biocompatibility Testing N BATTISTI, S PEDERSOLI, PL SAPELLI* (Dental Clinic -University of Brescia -Italy)
The use of human osteosarcoma cell cultures (HOS) is widely accepted as a model when investigating the activity of bone ceils in vitro, as well documented in literature. In various biocompatibility experiments of different materials conducted using HOS (BS TCL 69) cultures we determined a marked difference in sensitivity when comparing fibroblast cells, moreover, HOS cells were often more resistant. We consider that HOS cell cultures, although used constantly, do not in fact represent bone cells in biocompatibility tests where high sensitivity is required. The aim of this work was to establish primary human cell cultures in order to analyse the reaction in such tests when comparing them to HOS. The primary bone cells used derived from alveolar bone explains. The cells were characterized with respect to morphological observation and with respect to metabolic parameters, such as alkaline phosphatase (AP), fibronectin, type 1 collagen production, using a specific staining, revealing AP presence, and then by indirect immunofluorescence, using antibodies for detection of PA, type I collagen and fibronectin Therefore primary human bone cell cultures were attested to be more susceptible to certain materials tested when compared with HOS. Thus the role of primary human bone cells in biocompatibflitv tests determined a slight i the level of sensitivity.
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In The expanding use of endosseous dental implant to replace missing single tooth is well accepted. The most common problems associated with fixed prosthesis are related to abutment or gold screw loosening or fracture. Many implant and abutment designs were modified to overcome these problems Abutment/implant interface of some implant systems are conical shape which was claimed as having antirotational effect The aim of this study was to clinically evaluate the stability of the unique conical abutment/implant interface of Ankylos implant system and complications following single-tooth restoration Subjects for this study were selected from a pool of patients who were treated with cement-retained single tooth restoration and were in function for at least 6 months. Mobility of the crown and complications relating to implant hardware or prosthesis were assessed. Forty six patients were selected with the total number of 74 implants; they were 11 in the anterior maxilla, 16 in posterior maxilla, 1 in anterior mandible and 46 in posterior mandible. Implants were in function from 6 to 37.6 months (average 15 7 months) Abutment loosening or fracture was not found. Complications were prosthodontically related Crown loosening was found with 7 restorations. Sinus opening resulting from remnant of temporary cement was found in one patient. We conclude that the antirotational effect of conical abutment/ implant interface of the Ankvlos implant system is reliable and can be used to support singletooth restoration even in the posterior region where the restoration has to withstand higher occlusal load fibroblast growth, and in an increase of osteoblast Italy). Newark, New Jersey, USA) Screw loosening continues to be a problem for implant-supported restorations. One of the proposed strategies for managing this problem is to change the design of the resistance form (hex) that opposes the torque applied to the implant-crown/abutment interface. Another approach presented here to change the distance from the point of rotation (the screw thread) to the resistance form, the result of this is to increase the moment arm of the resistance form. This was accomplished by notching the implant and abutment and making an overcasting that includes a supplemental resistance form fitting into the notched abutment and implant. Castings were made for two groups of CeraOne abutmentsan experimental one with the notched resistance form and a second group with a conventional CeraOne restoration. Three toad protocols were applied using an MTS system: #1, 2000 Cy(cycles), 200N; #2, 2000 Cy, 300N; #3, 4000Cy, 300N. Preliminary analysis showed no loss of preload for either group with load #1, for load #2 a 30% reduction for the conventional group only, while for load #3 the conventional group had a 60% preload reduction while the experimental group only had a reduction of 40%. This suggests that the supplemental resistance design was more effective in maintaining preload when subjected to torquing forces. Supported in part by Nobel Biocare Westmont II and NTH # S10RR04216-01 A variety of devices have been developed to place controlled torque levels on implant components. These devices usually are calibrated by the manufacturer to apply appropriate torque levels to the specific implant and its attachments. Studies have shown that some of these devices deliver torque at variance with their target values. The purpose of this investigation was to examine the accuracy of Straumann ITI mechanical torque limiters that have been in clinical usage for various periods of time.
The m torque limiters tested were obtained from six clinical practices. The torque output of the devices was determined using a special fixture on an Instron test machine. The devices were held firmly in the fixture and oriented so that activation of the drivers caused a pure torsion effect. Each device was tested ten times at each target torque level and at lmm intervals along a superimposed scale. The measured torque values for each of the devices were compared using ANOVA and Student t tests.
Measured torque levels generally did not vary more than 10% from the target values. Except for isolated instances, there was no significant differences between individual devices (p <; 0,05),
There was no correlation between period of usage and measured torque values. Further, the torque values varied linearly along the superimposed scale up to 40 N-cm. forming a unique straight line for each device tested. Therefore, calibration of each torque limitsr is simptjfjftti in the rflftintenflflce of appropriate clinical target torque levels. . The functional and esthetic replacement of missing teeth with osseointegrated, root-form dental implants is a proven and predictable treatment modality. Long-term success of implant-supported prostheses is predicated on a biologically sound and stable union of the implant with both osseous and gingival tissues. This in vitro study quantified the magnitude of marginal discrepancy of the implant to prosthetic crown interface on non-submerged dental implants restored with either a cemented or screw-retained prosthesis. Metal-ceramic crowns were fabricated according to standard laboratory protocol for twenty ITI 4.1 x 10mm solid screw titanium implants. Ten of the implants received octabutments and occlusal screwretained crowns fabricated on pre-machined gold cylinders. The remaining ten implants were restored with 5. 5mm solid abutments and metal-ceramic crowns cemented with a glass ionomer luting agent. Abutments were affixed to the implants with a load of 35Ncm, and 15Ncm for occlusal screws using a calibrated torque wrench. Inspection of the implant-crown interface was conducted using light microscopy at SOX magnification with measurements made to the nearest 0.001mm. Data measurements were made three times each at four marked locations around the implant circumference (0°, 90°, 180°, 270°). Preliminary data were collected and analyzed for five implants in each group at selected stages in the crown fabrication process. The two groups of implants (screw-retained vs. cemented) were compared to determine if there was a difference in the marginal discrepancy initially, after casting, and following porcelain application. A Wilcoxon rank-sum test revealed a difference in the marginal fit between screw-retained (89±4u.m) and cemented n37±3um) implant-supported crowns (p=0.016V This project was supported by a grant (# 16-97/130) from the ITI Foundation for the Promotion of Oral Implantology, Switzerland.
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The influence of prosthesis material on bone loading patterns.^ H. VAN The elastic modulus of the prosthesis material influences the distribution of the load over the supporting implants: materials with a high elastic modulus (e.g. metal) will distribute the occlusal load more evenly over the supporting implants than materials with a low modulus (e.g. acrylic resin). Hence the stress transfer to the jawbone will be influenced too. The effect of prosthesis material on bone stress distribution was studied by means of three-dimensional patient-dependent finite element modeling. A model of a patient's mandible with a fixed partial prosthesis on three implants was constructed. The geometry of the mandible, the thickness of the cortical bone as well as the position of the implants were derived from a CT scan of the patient's mandible. Bone mechanical properties were taken from literature.
In vivo implant loading conditions were determined by means of strain gauged measuring abutments, enabling to quantify the axial force and bending moment on each implant. The patient was asked to bite with a controlled force of 50 N on a bite fork. The bite fork was successively placed at the position of the mesial, middle and distal implant. The obtained implant loads were applied in the FE model. Results are presented for the case where the bite fork was positioned on top of the mesial implant. The distal implant 0.10 0.06 Maximum bone stresses around the implant where the bite force is applied (in this case the mesial implant) are higher for the acrylic resin bridge, while the maximum stresses around the other two implants are higher for the metal bridge. Analyses for the other two bite fork positions lead to similar results. These finite element results demonstrate that prosthetic loads will be transferred more evenly to the jawbone in case of a prosthesis material with a higher elastic modulus. This study is supported by the KU Leuven Research Council OT 95/27 and the Fund for Scientific Research, Flanders FWO CO 180.96.
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Biomechanical Loads Induced in Craniofacial Bones for Various Retention Designs.^ M.G. FAULKNER* and J.F. WOLFAARDT (Department of Mechanical Engineering, University of Alberta and COMPRU, Misericordia Hospital, Edmonton, Alberta, Canada)
For implants in the craniofacial region, space and positioning difficulties have led to the use of cantilevers and Console Abutments® in attaching prostheses. This means that the loads are not applied along the axis of the implant but at various angles and with various amounts of eccentricity. This study compares the maximum loads and strains which are developed in the bone for the axially loaded craniofacial implant to those for cantilevers and Console Abutments®. The maximum strains developed in the bone are simulated using the Finite Element Method when a known load due to the retention system (10 N) is applied to cantilevers with up to a 10 mm eccentricity and to the 4 different angles of Console Abutments®. A second approximate technique calculates a set of statically determined forces which are necessary to equilibrate those for the same retention load again applied to the cantilevers and Console Abutments®. The results of both analyses show that the introduction of cantilevers and Console Abutments® result in maximum strains and forces which are 1.5 to 20 times those in the purely axially loaded implant. A simple rating system is proposed to compare the loading of the various designs to the base case of an axially loaded implant. It was concluded that where cantilevers or Console Abutments® are used, bone strain will be elevated and the rating system may provide some guidance in clinical situations. This study was partially supported by the Natural Sciences and Engineering Research Council of Canada under Operating Grant OGP 7514.
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In Vivo Measurements of the Loading on Craniofacial Implants. J.F. WOLFAARDT*, M.G. FAULKNER and V. DEL VALLE (Department of Mechanical Engineering, University of Alberta and COMPRU, Misericordia Hospital, Edmonton, Alberta, Canada)
Even though the loads applied to craniofacial osseointegrated implants are expected to be lower than those carrying occlusal loads, the smaller implants combined with the reduced quality and quantity of bone can result in bone loading which are significant. This study is designed to measure the in vivo loads which are applied to the implants during various activities including installation and removal of the prostheses, chewing, speaking and rapid motion of the head. The loading transmitted to the implants was monitored using abutments which had been fitted with three strain gauges and calibrated prior to being installed on the five patients each having three abutments supporting prosthetic ears. The results indicated that the highest loads occurred during the installation and removal of the prostheses and that during other normal activities, there were negligible loads in the abutment/implant system. For the three implant supported ears, each of the abutments carried approximately equal loads during removal of the prostheses. These loads were in the range of 10 -30 N while the moments recorded were in the range of 50-150 Nmm. The loads measured were up to 3 times those previously determined from in vitro testing. It was concluded that in vivo loads were higher than anticipated and that significant strain history is likely only related to prosthesis installation and removal. This study was supported by the Natural Sciences and Engineering Research Council of Canada under Operating Grant OGP 7514 and by the Alberta Heritage Foundation for Medical Research Studentship program.
